Here we describe Cryptogamic Russian Information System (CRIS), a web service cataloguing the biodiversity of cryptogams: cyanobacteria, fungi (including lichens), and bryophytes. CRIS incorporates a wide spectrum of data types, allowing for greater ease of use. It is possible to print the labels for herbarium collections, to input literature references, media files, etc., using CRIS which has a flexible interface and specific technical abilities. Currently, CRIS contains ~ 90,000 herbarium records, including 67,861 records of bryophytes, 12,486 records of lichens and 3,800 records of cyanobacteria. Data analysis of the different taxonomic groups is provided below. Perspectives and directions for the future development of CRIS are discussed.
INTRODUCTION
Herbaria and living biological collections are the major sources of information on biodiversity (Veiga et al., 2017) . In the early 2000s, different biological Information Systems (IS) were developed with the aim of organizing complex data (Bisby, 2000; Ivanova & Shashkov, 2017) . Despite the development of these systems, there are still many unresolved questions related to the maintenance and distribution of such IS (Altman, 2004; Bourne, 2005; Shanmughavel, 2007; Vissers et al., 2017) . It is likely that many researchers and citizen scientists possess large amounts of biodiversity data. Potentially, that data could be transferred to the internet using services such as iNaturalist and eBird, unfortunately, these services do not possess the ability for large-scale (bulk) data input (Kelling et al., 2009) . Widely known IS, such as the Global Biodiversity Information Facility (GBIF) and iDigBio, are capable of aggregating large amounts of biodiversity information worldwide. However, such services do not allow for direct user input of original records. Specify and Symbiota are software-based projects designed for herbaria and collection curation (Beach, 2019; Gries et al., 2014) . These IS are not free, however, they have many users and support community. In contrast, some other projects such as DINA and Jacq are working according to open access philosophy (Macklin et al., 2018 , Vissers et al., 2017 . eElurikkus is a well-built regional data aggregator/portal (https://elurikkus.ee) dealing with Estonian biodiversity, it uses PlutoF as a data management service (Abarenkov et al., 2010) . It is still possible to increase the flow of information in the biological sciences with the help of a modern, open-access IS that allows for bulk input of user-collected data.
The aim of the Cryptogamic Russian Information System (CRIS, http://kpabg.ru/cris) is to provide a tool for herbaria and collections to organize/analyze specific biodiversity data of the cryptogams. It accumulates primary biodiversity information about biological specimens, which are being stored in the herbaria/culture collections, providing free access to the digital records of these specimens. CRIS has been created to fulfill the aims of the cryptogamic botanists, who were not satisfied with other IS. Here, we give the overview of the system and capabilities of CRIS and let readers decide how suitable it is for their particular goals. (Melechin et al., 2013) . After that, CRIS utilized more appropriate MariaDB instead of MySQL and was moved to an independent server. CRIS has recently transitioned to using PostgreSQL, with the aim of allowing users to generate searches using polygon-based graphical selection. CRIS is currently being transitioned from out-of-date Drupal to Node. js, which will increase the speed and simplicity of CRIS. The consistent functioning of CRIS for the past 10 years will ensure a productive future for this database.
CRIS -service for input, storage and analysis of the biodiversity data of the cryptogams

DATA STRUCTURE OF CRIS
The main types of records supported by CRIS are observations, herbarium specimens, literature records, and records from other sources. Observation records contain an entry with information about a natural observation of an individual or multiple cryptogam(s) growing together. This type of record is entirely digital and lacks the proof by a physical herbarium specimen. Observation records contain GPS coordinate for the entry and an image of the cryptogam(s). Akin to the records of the web service iNaturalist, observation records in CRIS usually include common species.
Since CRIS catalogues data from several herbaria, every record is appended with an abbreviation for that particular collection. The digital record is connected with a physical specimen via a local herbarium reference (LID) number. Herbarium records include all general information including collection site, geographical data (e.g. GPS coordinates), name of collector and person determined species, etc. More or less detailed description of the microhabitat is typically presented in this type of record. Lastly, a list of the species found in the sample is also included. One to fifteen species may be identified from a single microcolony/mat. In CRIS, all species from an herbarium record are connected to the single geographical location (similar to PlutoF), which is in contrary to GBIF, where, for example, two different species from a single herbarium specimen are connected to the cloned geographic records, each of those attached to the independent IDs. Even though data in CRIS are organized differently from GBIF, it is possible to transform CRIS data into the Darwin Core format. For that, the data could be exported from CRIS into the table, and the fields which are missing in Darwin Core remain blank, the rest are autofilled. To import Darwin Core data into CRIS, CSV table should be exported from appropriate IS, and then it can be included into the CRIS with a reference to the source. Additionally, CRIS has the option which may clone records with similar information. That increases productivity of data input. In fact, it allows entering more than 20 records in an hour.
Literature records are records showing species locality from already published research. These records are displayed on easy-to-read maps. It is quite useful for both biogeographic and taxonomic revisions. Lastly, records from other sources include data from sources outside of the CRIS DB. These can include data from another IS, electronic resources, etc. Besides single record input, there is an option for large-scale (bulk) record input, while information for this must be properly formatted in spreadsheets.
There are several user types in CRIS: common user, registered user, supervisor, and administrator. Common users (unregistered visitors) can access search tools and data filtering, without the ability to enter original data. In contrast, registered users (after registering a free account) can enter and edit original data and print labels for herbarium specimens. The supervisor reviews and corrects errors in taxonomy, searches, checklists and other blocks of data within a single section of CRIS (e.g., a cyanobacterial expert would be given a supervisorial account for the cyanobacteria section of CRIS). Administrators have access to every section and all collections. The function of the administrator is to control system functionality and provide data and web security. The administrator updates CRIS with modern tools and features, following the suggestions of registered users and supervisors.
Using the herbarium function, CRIS enables users to monitor and keep track of specimen exchange between herbaria. With the implementation of semi-automatic tools available on CRIS, it is convenient to keep track of specimen movement within or outside of particular herbarium. Additionally, CRIS allows the allocation of responsibilities between curators and registered users in terms of taxonomy monitoring, as well as data entry for individual projects. Utilization of free software such as Linux operating systems, DBMS PostgreSQL, and CMS Drupal provides CRIS with essential functionality, which has been tested and improved upon during its formative years. Moreover, our experience working on cryptogam's biodiversity for the decades lead us not to use any existing data format, including Darwin Core. The main reason is that CRIS requires some specific fields for cryptogams in the data tables, which are just missing in the Darwin Core.
SEARCH OPTIONS IN CRIS
There are several options available for searching CRIS:
Annotated species list. Search for all species records from a particular geographic region, such as a country or protected areas (e.g., national parks).
Species lists of the area. If a user is searching for a list of the species from a particular territory, including multiple national borders or reserves, such as the High Arctic or Eurasia, the user needs to create a polygon in the appropriate tab using the provided polygon selection tool. The output of that search is the list of all species; by clicking on the particular polygon, a user may see the list of all occurrences of a species inside the polygon. Additionally, this search option will output a map with flags corresponding to each occurrence. By selecting a flag, a user can see information about that record, including target species.
Species list. A user may search by country, location, or substrate to filter through all records. Additional filters are available in the species list search such as filtering by subspecific-level taxa only [e.g., varieties (var.) or subspecies (subsp.)]. The number of taxa is also shown at the top of the list.
Specimen search. A user may search specimens by country, region, locality, or date of collection. The output consists of the list of specimens with a short annotation and collection number. Selecting type of material on the left-hand side will lead to the multispecies record.
Occurrences. This search will show all location points of a species in the form of an annotated list. By clicking on hyperlinks more detailed information about a specimen will be available.
Species distribution. This option searches for a single species, with output in the form of a map with selectable flags that link to the multispecies record. Filtering by region is also available.
Synonyms. A user may find species using nomenclatural synonyms; the output will be in the form of lines with the correct name of the taxon and number (in parentheses) of appropriate records.
Photos. This type of search may be used for accessing graphical images of the species or genera, and their habitat. By selecting the thumbnail preview, a user is redirected to the full-resolution photo and can freely use it with reference to the source and the author. Approximately 3500 original photos of cyanobacteria, lichens, fungi, and bryophytes are presently available.
References. That search provides records from literature sources. Filters by country, region, species, author, and literature title are available.
Sequence files search/GenBank search. The output of that DNA files search is the list of the taxa with .TXT files attached, containing original DNA sequences prior to submission to the GenBank. GenBank number search provides a list of records with accession numbers available.
Taxa above genus rank. This search allows a user to search by higher taxonomic ranks such as families, orders, etc.
CONTENT OF CRIS
Since 2007, CRIS has grown into a rather large IS and includes five different sections devoted to cyanobacteria, lichens, fungi, liverworts, and mosses with several thousand records, as well as a great number of species and habitat images . Currently, CRIS is cataloguing more data than described in Melechin et al. (2013) (800) are also represented in CYANOpro. The utilization of CYANOpro united data from several research projects devoted to cyanobacteria (Davydov, 2016 (Davydov, , 2017 . Lastly, several new cyanobacterial taxa have been described using CYANOpro as an information tracking tool, from sample collection and strain isolation to DNA analysis (Shalygin et al., 2017 (Shalygin et al., , 2018 (Shalygin et al., , 2019a (Shalygin et al., , 2019b ).
LiChens. The described lichen biota of the Murmansk and Samara Regions are almost entirely represented in the lichen section of CRIS, with 100% and 80% of recorded species, respectively. For most of the species from the Murmansk and Samara Regions, several specimen records have been entered into CRIS, bringing unique biogeographic and ecological insights. Besides the 12,000 herbarium records, 87 literature sources have been incorporated into the lichen section of CRIS (Fig. 3) (Melechin, 2015 (Melechin, , 2016 .
bryophytes. For following analysis, data for liverworts and mosses have been combined under a single "Bryophytes" section for the simplicity. Technically, these sections are separated into individual subsections. The bryophyte section of CRIS incorporates herbarium records from the herbarium of bryophytes of PABGI (KPABG, Apatity), INEP herbarium (Apatity), herbarium of liverworts (partly) of the Botanical Garden-Institute of the Far East branch of the Russian Academy of Sciences (VBGI, Vladivostok), and Kandalaksha State Nature Reserve (KAND, Kandalaksha). It is likely that CRIS is the most complete source of information for liverworts and mosses of the Murmansk Region (7468 and 20,130 specimens, respectively). Data from regions within the aforementioned territory (Fig. 4) includes most of the known distribution records for these taxa. These data are quite complete and provide a quality basis for future work on the bryoflora on the Murmansk Region. Addition- (1800), the middle part of Russia (600), Far East of Russia (4232), and Russian Arctic (700). Many recent publications on liverwort diversity of different regions of Russia are supported by data in CRIS (Borovichev, 2014; Borovichev & Boychuk, 2016; Borovichev & Shorohova, 2019; Konstantinova & Lapshina, 2017; Mamontov & Konstantinova, 2017) . Importantly, apart from the names of administrative units and countries, the majority of records include coordinates, elevation, and detailed habitat descriptions. Records may also include taxonomic and morphological notes for species, such as the presence of gametangia and perianths or different kinds of propagules.
Most recent records are in English, whereas older records are primarily in Russian. Names of regions are given in English for all records, making it possible for English speakers to search distribution data. Literature sources and pictures are rather limited, whereas DNA sequences for bryophytes are present for many studied specimens.
CRIS IN COMPARISON WITH OTHER IS
CRIS has particular features that make it appealing to use. First, there is no need to utilize specific software to input the primary data. User should have only browser and internet connection for that. CRIS is close to PlutoF in terms of ability to attach as many species to one locality as possible in the body of a single record. However, it differs in the way how data communicate and are shared through global aggregators. PlutoF is basically data managing system connected to the global data portal eElurikkus, where data analysis and photographic materials are available. In contrary, CRIS does not have such demarcation, it is uniting primary and secondary IS. Second, CRIS possesses easy input and transformation of the single records of any available collections, any time through the browser. Third, it has the ability to "clone" single record for the specimens with similar lo- At present, many biodiversity information systems are available on the web. In our comparative analysis, projects based on specific, proprietary software (e.g., Specify and Symbiota) were excluded. CRIS is a combination of both, a primary IS which allows input and transformation of the biodiversity data, such as PlutoF, DINA etc., and secondary IS. These allow to aggregate, storage and analyze data, such as eElurikkus, GBIF and Atlas of Living Australia (Table 1) . Some of secondary systems could include both original herbarium records and aggregate data from another IS. Many other IS, such as iNaturalist, EOL are functioning in the similar way. Unlike iNaturalist, iDigBio, and some Russian systems (e.g., Baikal Siberia and Noah's Ark), CRIS includes nearly all possible types of data (Table 1) . Like the majority of IS in our analysis, CRIS is capable for the input of massive datasets. In contrast to GBIF and iDigBio, it is possible to edit individual records in CRIS. CRIS is a data aggregating system possessing some statistical inference functions, which is similar to NYBG, iDigBio, and others. Importantly, CRIS can generate and print herbarium labels which is a rare function in global IS (Table 1) . Along with most of the other IS, CRIS provides images of species, however, CRIS is a unique system in that it also provides habitat images as well. KE Emu based IS (e.g., NYBG) are quite convenient and widely used in North American herbaria, unfortunately, these programs are not free and can be quite costly.
PERSPECTIVES AND FUTURE DIRECTIONS OF CRIS
Because of the rapid increase of records, frequent user requests, as well as an increase in the number of groups cataloguing organisms, we have made the decision to switch from CMS Drupal to Node.js. This transition is still in progress and will hopefully be complete soon. It will increase the functionality in the manipulation of data entry forms that can be configured for each user's tasks: add custom fields, hide optional fields of other users, and other customizations. We hope that the new IS version will be free from the defects of the current CRIS platform and will solve the problem of server resource overloads. The new version of CRIS will have an intersectional search ability, this functionality will be accomplished by connecting the different cryptogram sections of CRIS.
While we were working on CRIS during the past years, we were faced with the problem of data integration from technical specialists, herbarium curators, and botanists. One of the reasons why some local IS choose not to become a section of CRIS is that differences in data format has prevented them from successfully integrating their data. Another potential problem related to integration is that curators using a particular IS for many years often lack motivation to use a new data organization method. Because of that we have increased the flexibility of our IS for the needs of different users by including as many blank fields as needed for a single record. A newly developed tool, which can show/hide any data on the internet, is another way we hope to attract local IS to join CRIS. If user does not want unpublished records to be accessible by the public, it is possible to hide them until they are ready to be published. In this case, hidden records are visible only registered users or curators. With that new function, we expect an increased likelihood for representatives of other local IS to join CRIS. Another reason hindering the integration of local IS into CRIS is differing views on taxonomy. If a collection or herbarium is making its own IS and are not willing to use CRIS as the primary platform for storing biodiversity data, it is possible to import spreadsheet with information from that collection into CRIS via the mass import function. CRIS provides quality, free access to biodiversity data as well as the opportunity to enter original data. Release of the new version of the CRIS is planned for January, 2020.
